The factors influencing the crushing strength of a metallised iron pellet has been studied after hydrogen reduction at temperatures between 923 and 1273K using commercial acid iron ore pellets as the starting material. The results show that the strength is closely related to the degree of maximum swelling rather than to the degree of final swelling. This is considered to be due to the decreasing number of the bonding between the particles of the pellet as the degree of swelling increases. However, when a small number of relatively large cracks are formed in the pellet, the strength is abnormally low despite the small degree of swelling.
I. Introduction
In recent years metallised iron burdens in both electric(1)(2) and blast(3)(4) furnaces have found extensive applications (5) , and a brief survey of its situation has been made in previous work (6) . The mechanical strength is one of the important properties required for metallised iron pellets as well as the resistance against re-oxidation when they are exposed to oxidising or corrosive atmospheres. Therefore, the factors influencing the crushing strength of a metallised iron pellet are discussed in the present study.
The strength of the metallised pellet is supposed to be fundamentally determined by the number of bonding between particles of the pellet, the strength of the bonding and the strength of the particle itself.
If it is possible to describe the strength of the metallised pellet in terms of fundamental properties of the pellet such as the degree of swelling, porosity and microstructure, a suitable measure will be taken to obtain the metallised pellet of a desired strength.
In connection with the above view, an attempt has been made to correlate the strength with the fundamental properties, using an acid pellet as the starting material.
A similar attempt was made with a self-fluxing pellet (6 Table 1 Chemical compositions of the pellets used (wt.%).
1273K was controlled at a set value within 10 degrees. Three pellets placed separately on a holder made of Pt-13%Rh alloy wire were reduced in a 50% H2-50% N2 gas mixture flowing at a rate of 66.7cm3/s. After a specified period of reduction the pellets were lifted and cooled at the upper part of the tube with a small amount of the reducing gas flow to prevent any possible re-oxidation until they were cooled completely.
The specimens were kept in desiccators until they were subjected to subsequent tests.
The order of reproducibility of the reduction kinetic curves was within 2% and at least three runs were carried out under the same conditions.
Changes in the volume of the pellet placed on a firebrick during reduction were viewed through a pyrex glass window attached to one end of a horizontal alumina reaction tube of 52mm diameter, and photographed at specified time intervals. The degree of swelling expressed by the volume increase in per cent was obtained after converting the area of the pellet on photograph into volume using the equation shown in the previous work (6) .
Crushing strength of the metallised pellet was examined using an Amsler type tester with a cross head speed of 0.086mm/s at room temperature. The maximum value of the load observed just before an abrupt fall with extensive fracture of the pellet was taken as the strength.
Ten almost completely reduced pellets were tested for each set of conditions and the results were expressed by the mean values together with the ranges of the data.
The overall porosity of the metaffised pellet was obtained by measuring both the apparent density with a mercury displacement technique and the true density with a pycnometer.
Conventional metallographic examination was made for the metallised pellets of various degrees of reduction using both an optical microscope and a scanning electron microscope.
Phase compositions of partially metallised pellets were also examined with an X-ray diffractometer.
Further details of the experimental procedures have been reported elsewhere (6) . III.
Results
The reduction kinetic curves showed a conventional shape, and the total reduction time and the degree of final reduction are shown in Table 2 . A certain increase in pellet volume is clearly seen after 120s reduction. A gradual decrease in the volume followed after 240s until 2.7 ks when the reduction was terminated with a final volume still larger than the original one.
Swelling behaviour during reduction at various temperatures is shown in Fig. 1 in which a typical curve is shown for each temperature tested more than three times. A general trend is that the pellet volume increases during the early stages of reduction and it gradually Table 2 The total reduction time and the degree of final reduction.
Photo. The crushing strength of the pellets reduced at 923 and 973 K was low, but there was a sharp rise in the strength as the temperature was raised to 1023K as shown in Fig. 3 . Photo. 4 Scanning electron micrographs of specimens before reduction and after reduction at 973, 1073 and 1273K.
IV. Discussion
It has often been reported(11)(12) that a considerable decrease in mechanical strength takes place for most of the iron ore pellets during reduction associated with the change in microstructure.
Then, it may be allowed to suppose that these inherited changes will largely affect the strength of a metallised iron pellet, the final product of reduction.
Therefore, let us extend the discussion to the fundamental properties of the pellets with respect to the present results.
The currently proposed mechanisms of swelling during reduction of various iron ore pellets have been discussed briefly in the previous work (6) . The anisotropic dilation (13) experienced during the conversion of hematite of hexagonal structure into magnetite of cubic structure appears to be mainly responsible in the present study.
This view is supported by the result that the maximum degree of swelling was attained in the early stages of reduction, Fig. 1 , where the above conversion is in progress as indicated by the result of X-ray diffractometer test.
There was no sign of the growth of filamentary iron, which is one of the major mechanisms of swelling often observed when carbonaceous gases are used(9), Photos. 3 and 4.
This anisotropic dilation tends to push away the neibouring particles of the pellet. The stresses developed by this process may be sufficient to break the interparticle bonding at ordinary reduction temperatures.
Therefore, once swelling takes place, original interparticle bondings are destroyed on a large scale and partial disintegration of the particle occurs, as shown in Photo. 3. Both contribute to the weakening of the metallised pellet.
During the later periods of reduction the shrinkage in pellet volume takes place due mainly to the sintering of metallic iron produced.
However, this sintering may be insufficient to recover the broken bonding unlike the the hematite/magnetite interface resulting from nonregistry of both crystal structures. This kind of magnetite growth has been observed by a couple of workers(6)(11)(14) (15) Similar points regarding the above discussion have been confirmed in the previous work(6), except for the abnormally low values of the crushing strength observed with the pellets reduced at 923 and 973K.
As one kind of acid pellet was used in the present study, further investigations with acid pellets of various origins may be necessary before reaching a generalised conclusion.
V. Summary
The crushing strength of the metallised iron pellet is closely related to the degree of maximum swelling rather than to the degree of final swelling.
The influence of the reduction temperature on the crushing strength appears mainly by the temperature dependence of the degree of maximum swelling such that the degree of swelling increases with the rising temperature and leads to the lower values of the strength.
This was considered to be due to both the decreasing number of bonding between particles of the pellet and the disintegration of the original oxide particle during the early stages of reduction.
The sintering of the reduced iron during the later periods of reduction appears to be insufficient to restore the broken bonding.
The strength of the metallised pellets reduced at relatively low temperatures was abnormally low because of the presence of large cracks, even though the degree of swelling was small. 
